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Maxillofacial fracturesAbstract Objective: The purpose of our study was to assess the role of multi-detector CT in the
evaluation of maxillofacial fractures.
Subjects and methods: The study included 30 patients complaining from facial trauma with
suspected facial fractures referred from the emergency unit of the El-Minia University Hospital.
All patients subjected to non contrast MDCT in axial cuts and images are transferred to
workstation then they underwent coronal, sagittal reconstructed images and 3-D volume rendering
that are of beneﬁt in ﬁnal diagnosis.
Results: A total of 30 patients were included (their mean age 26 years). It was found that the nasal
bone is most common to be fractured (found in 19 cases), followed by maxillary bone (17 cases),
zygomatic bone (10 cases), mandibular bone (8 cases) and the pterygoid plates are least frequent
to be fractured (6 cases). Also, concerning the complex facial fractures; the orbital wall fractures
are the most frequent (found in 22 cases), followed by zygomatico-maxillary complex fractures (8
cases), the naso-orbito-ethmoid fractures (6 cases), and lastly comes the Le Forte fractures (found
in 4 cases).
Conclusion: The use of MDCT is mandatory for the accurate classiﬁcation of maxillo-facial frac-
tures and so the management decision.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Maxillofacial fractures are one of the most common basic
problems of traumatic patients. Sports account for a high per-
centage of facial injuries among young adults. Severe injuries
often occur as a result of motor vehicle collisions, including
those involving motorcycles as well as interpersonal and
domestic violence. There is an urgent need for radiography
in order to recognize such fractures (16).
With the high deﬁnition of the current scanners, even small
facial fractures can be visualized and in some cases surgical
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play of the nature and extent of fracturing (7).
Technological advances in computerized tomography (CT)
have reduced data acquisition and reconstruction times so that
three-dimensional (3D) CT images of maxillofacial injuries
may be economically and quickly generated (11).
The main idea of this study is: The original data will be
transferred to an independent workstation using volumetric
imaging software to generate axial images and simultaneous
multiplanar (MPR) and 3-dimensional (3D-CT) volume
rendering reconstructed images to measure their sensitivity
and speciﬁcity in comparison to other known imaging meth-
ods (5).
All the facial bones are studied including: The frontal bones
form the forehead, roof of nasal cavity and the superior arches
of the orbits. The maxillae form the corner stone of the facial
skeleton. The zygoma; also termed the malar bone forms the
check eminence. The nasal bones: Unite at midline to form
the nasal bridge. Nasal bones support the ﬂexible cartilaginous
plates and act as a framework to the nose. The orbital bones; it
has four bony walls with open base and converge postero-
medially to form the apex where the optic canal opens. Para-
nasal sinus walls and lastly the jaw bone (mandible), is the
largest and strongest bone in the face. It is the only movable
bone of the skull through the tempro-mandibular joint.
One of the special and complex facial fractures is Le Fort I
fracture. It has many types: Type I (horizontal fracture): It
extends from the nasal septum to the lateral pyriform rims,
travels horizontally above the teeth apices, crosses below the
zygomatico-maxillary junction and traverses the pterygomaxil-
lary junction to interrupt the pterygoid plates (12). Type II
(pyramidal fracture): It extends from the nasal bridge at or be-
low the naso-frontal suture through the frontal processes of
the maxilla, infero-laterally through the lacrimal bones and
inferior orbital ﬂoor as well as orbital rim through or near
the inferior orbital foramen and inferiorly through the anterior
wall of the maxillary sinus; it then travels under the zygoma,
across the pterygomaxillary ﬁssure and through the pterygoid
plates (12). Type III (transverse), also termed as craniofacial
disjunctions: It starts at the nasofrontal and frontomaxillary
sutures and extend posteriorly along the medial wall of the or-
bit through the nasolacrimal groove and ethmoid bones. The
thicker sphenoid bone posteriorly usually prevents continua-
tion of the fracture into the optic canal. Instead, the fracture
continues along the ﬂoor of the orbit along the inferior orbitalFig. 1 Diagram shows the commﬁssure and continues superolaterally through the zygomatic
arch (Fig. 1).
2. Patients and methods
The study included 30 patients complaining from facial trauma
with suspected facial bone fractures referred from the emer-
gency unit of the El-Minia University Hospital. The study
was conducted in the Radiology department, El-Minia Univer-
sity Hospital at the period from June 2011 to June 2012.
Every patient was subject to the following:
1. Full history taking.
2. MDCT examination:All MDCT examinations were per-
formed using 16 detectors CT scanner (GE bright speed).
Reconstruction type: Standard bone window 3000/300
(WW/WL). Standard soft tissue window 400/50 (WW/WL).
2.1. Preparation of the patient
Patient must be cooperative and able to hold still. Otherwise,
the scan should be deferred. Backboards and other dense
materials should not be in the scanning ﬁeld.
2.2. Face CT protocol
To obtain direct axial scans, the patient is lying supine
with head ﬁrst towards the gantry and quit breathing.
The scan starts inferiorly from just below the hard palate
up to the top of the frontal sinus. In cases of suspected
mandibular fracture the examination starts just below the
symphysis menti and ends superiorly at the top of the fron-
tal sinus. Although the direct coronal images are highly
delicate than the reformatted ones, yet, it is too difﬁcult
to obtain direct coronal images in traumatic maxillofacial
fractures.
2.3. Image reconstruction (post processing techniques)
Axial 3-mm, reconstructed slices are obtained to examine all
the facial bones. The axial source images were transferred to
an advantage workstation (AW) volume share 2 for image
reconstruction. Multiple techniques were used on AW: (1)on Le Fort fracture patterns.
Fig. 2 Left zygomatico-maxillary complex fracture (CASE 1): (a) & (b) Non enhanced axial CT images show fracture of the anterior and
postero-lateral walls of left maxillary sinus, the left zygomatic arch and left lateral orbital wall diagnosing left zygomatico-maxillary
complex fracture. (c) Coronal MPR shows the fracture of the ﬂoor of the left orbit. (d) Sagittal MPR image that displays the fracture of
the anterior wall of the left maxillary sinus. (e) & (f) 3D VR images that demonstrates greatly all the previously mentioned fractures.
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tions (MIP) and (3) volume-rendering technique (VRT).
2.4. Interpretation
The Axial source images and post processing images were re-
viewed for the following items: (1) Presence of facial fractures,
(2) the extent of fractures and (3) evaluation of the related soft
tissues.
3. Results
Thirty patients with suspected facial fractures were recruited in
the study, their ages ranged between 4 and 60 years with mean
age 26 years ± 2.71 standard deviation. They were 27 males
and 3 females. All patients were subjected to the multi-detector
CT study. The majority of our cases is ranging from 21 and
30 years old that account for 36.7% of all cases. Also, 90%
of our cases were males and 10% were females.3.1. Representation of some results were shown on (Tables 1–4)
In Table 1 it is obvious that the most frequent bone fractured
was the nasal bone seen in 19 cases accounting for about 63%.
The second bone was the maxilla seen in 17 cases accounting
for about 56%. Followed by the zygoma, the frontal bone
and the mandible, and lastly comes the pterygoid plates that
are seen in 6 cases accounting for 20%.
From Table 2 it is clear that the most frequently fractured
orbital wall is the medial wall seen in 14 cases accounting for
about 63.6% of orbital fractures. Followed by the lateral
and orbital ﬂoor and the least orbital boundary to be fractured
was the orbital roof seen in 7 cases and accounting for 31.8%.
Table 3 demonstrates that the orbital fractures are the most
frequent complex fractures and seen in 22 cases accounting for
about 73%. The second most common fracture was the zyg-
omatico-maxillary complex fracture which was seen in 8 cases
accounting for about 26%.The NOE complex fracture came
third with 6 cases accounting for about 20%. Le Forte
Fig. 3 Unilateral left sided combined Le forte II & Le-Forte III
facial fractures (CASE 2): (a) & (b) Non-enhanced axial CT
images show fracture of the left pterygoid plate, both nasal bones
and the lateral wall of left orbit. (c) & (d) Coronal MPR images
show the naso-frontal junction fracture, bilateral supra-orbital
margin fractures and the frontal bone with frontal sinus opaciﬁ-
cation. (e) Sagittal MPR image that displays the fracture of the
nasal bone, the anterior and posterior walls of the frontal sinus. (f)
& (g) 3D VR images that demonstrate greatly the fractures
involving frontal bone, both supra-orbital margins, the left
inferior orbital wall, the left zygomatic arch, the left lateral orbital
walls and the anterior wall of left maxillary sinuses.
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Le forte I seen in one case.
From Table 4 in our study we ﬁnd that the coronal and
sagittal reconstructed cuts add many beneﬁts for the accuracy
in detection and classiﬁcation of the maxillo-facial fractures
as the coronal cuts are better for evaluation of cribriformplate, inferior orbital rim, naso-frontal recess, lamina papyr-
acea and medial wall of maxillary sinus. As well as the sagittal
reconstructed images are better for evaluation of orbital roof
and ﬂoor, anterior wall of maxillary sinus, nasal bone frac-
tures and displacements. Also, the 3-D volume rendering
images are for fracture extensions and conﬁrmation of the
reconstructed data (Figs. 2–5).4. Discussion
Mid-facial fractures can be very difﬁcult to assess by conven-
tional radiography because of the complex facial anatomy (10).
CT scan images have superior resolution compared to plain
ﬁlms. They are also better for helping delineate multiple frac-
tures, evaluate associated cartilaginous or soft tissue injury,
evaluate brain involvement, and assess for the presence of
impingement into the optic canal (21).
Patients with traumatic injuries frequently require CT scans
of the brain to evaluate intracranial injuries. If signiﬁcant clin-
ical suspicion of a facial fracture exists, the images can be con-
tinued through the facial bones. Modern helical scanners can
reformat thin cut (1–1.5-mm) axial images into coronal and
sagittal cuts with acceptable resolution to avoid neck ﬂexion
and extension.
A MDCT scanner coupled with a modern workstation has
become an essential diagnostic tool for any emergency depart-
ment. To attain the best possible acute management of the
midfacial trauma, it is imperative for the surgeon to under-
stand the morphology and extent of the injuries (14).
In this study the most common isolated bone fracture was
the nasal bone accounting for 63%. The second most common
fractured bone was the maxillary bone accounting for 57%.
The third most common isolated bone fractures was the zygo-
matic bone with average percentage 33%. The mandibular
fractures accounted for about 27%.
Hwang and You (13) stated that the most common isolated
fracture site was the nasal bone (37.7%). However, he stated
that the second most involved is the mandible (30%).
Brasileiro et al. (3) found that the prevalent anatomic re-
gions of facial fractures (in percentages) were the mandible
(44.2%), the zygomatic complex (32.5%), and the nasal bones
(16.2%). Ethunandan et al. (6) stated results near to the above
mentioned.
Also Bataineh (1) stated that the fractured bones in his re-
search was most frequently the mandible (74.4%), followed by
the maxilla (13.5%), and the zygomatic arch (10.7%).
In this study the orbital bony boundaries were involved in
facial fractures in 22 cases out of all the examined cases
accounting for about 70%.
Hogg et al. (8) examined the epidemiology of maxillofacial
skeletal injuries in severely injured patients treated at 12 trau-
ma hospitals in the province of Ontario and Canada, between
1992 and 1997 and stated that the largest number of fractures
was found in the orbital bones and maxilla.
However that was disagreeing by Hwang and You (13) who
stated that the orbital wall fractures came third in his research
accounting for (7.6%) only of the examined cases after the na-
sal and mandibular fractures.
The most common complex fracture type in this study was
the zygomatico-maxillary complex fracture accounting for
about (23.3%). Hwang and You (13) stated in his research that
Fig. 4 Blow out fracture of the right orbit with entrapment of inferior rectus muscle (CASE 3): (a) Non-enhanced axial CT image which
could not evaluate well the right inferior orbital wall fracture. (b) Sagittal MPR show fracture of the lower wall of the right orbit. (c)
Coronal MPR image (bone window) that displays the blow out fracture (white arrow). (d) Coronal MPR image (soft tissue window)
demonstrates the entrapment of the right inferior rectus muscle. (e) 3D VR image signiﬁcantly demonstrates the inferior orbital wall
fracture.
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tico-maxilla (14%).
The second most common complex facial fracture in this
study was the naso-orbito-ethmoid (NOE) fracture accounting
for about 16.7%.
Manolidis et al. (15) stated in his research that associated
with orbital fractures the nasoethmoidal region was involved
in 32%, the zygomatic complex in 50%, and the frontal region
in 28% of orbital fractures.
The department of radiology in the University of Washing-
ton stated in their online musculoskeletal radiology book thatthe zygomatico-maxillary complex fracture accounts for 40%
of complex facial fractures. And that Le forte I accounts for
15%, Le forte II 10%, Le Forte III 10%, Zygomatic arch
10%, Alveolar process of maxilla 5% and other fractures
5%. Also, Akinbami (2), stated that Le Fort IV is equal to
Le Forte III with frontal bone fracture.
In our study we assured that the CT scan is the diagnos-
tic choice for the assessment of facial fractures. Multisection
CT is an especially powerful technique, as it allows high-res-
olution multiplanar reconstructions. With every patient in
this study having MDCT examination of the face we have
Fig. 5 Displaced left mandibular condylar process lower neck fracture (CASE 4): (a) Non-enhanced axial CT image shows abnormal
oblique lie of the left condylar process of the mandible (white arrow). (b) Sagittal MPR shows the fracture but could not evaluate the
orientation of displacement. (c) Coronal MPR image displays the fracture with lateral displacement of the upper segment. (d) 3D VR
image that markedly demonstrates the left condylar process fracture with displacement.
Table 1 Incidence of fractures of different facial bones in the
examined cases.
CT ﬁndings Number (no.) Percent (%)
1 Zygomatic bone fracture 10 33
2 Nasal bones fracture 19 63
3 Maxillary bone fracture 17 57
4 Frontal bone fracture 9 30
5 Pterygoid plates fracture 6 20
6 Fracture mandible 8 27
Table 2 Incidence of orbital bony wall fractures.
CT ﬁndings Number (no.) Percent (%)
1 Medial orbital wall fracture 14 36.6
2 Lateral orbital wall fracture 13 59
3 Orbital roof fracture 7 31.8
4 Orbital ﬂoor fracture 9 40.9
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images.
Reformatted coronal and sagittal CT images are also of
high quality and have been shown to be reliable and accurate
in surgical reconstructive efforts (22).We found that for every type of complex fractures there
was a speciﬁc scan that was the clue of the case. We tried to
simplify this as follows.
Axial sections were the best for analyzing the posterior wall
of the maxillary antrum, the pterygoid plates, the hard palate,
dentoalveolar segments, the zygomatic arch and body, and the
lateral wall of the orbit. Coronal sections provided the best
images for analyzing the anterior wall of the maxilla, the infe-
rior orbital rim, the palate, and the orbital ﬂoor. Also the med-
ial and postero-lateral walls of the maxillary sinus were
adequately assessed by the coronal images.
Coronal images also provided details for injuries to the
cribriform plate, nasofrontal recess, orbital roof and ﬂoor,
and lamina papyracea.
CT scanning is considered to be the top choice in the imag-
ing study for evaluating orbital trauma. This should be per-
formed with non-enhanced axial and coronal 3-mm cuts;
multiplanar reformation sections are then performed. Sections
of 1-mm thickness may be useful to assess optic-canal fractures
and traumatic optic neuropathy. The size, morphology, and
exact seat of the optic canal fracture, can be visualized (23).
Three-dimensional reconstructed images of the orbit are
useful adjuncts in planning the surgical repair of complex frac-
tures (17,18).
Despite being visually impressive, 3-dimensional (3-D)
reconstructed CT scan images are of questionable value in
detecting fractures when compared with planar images. How-
ever, once a fracture is identiﬁed, 3-D images may be helpful in
Table 3 Incidence of complex facial fractures in studied cases.
CT ﬁndings Number (no.) Percent (%)
1 Naso-orbito-ethmoid complex fracture 6 20
2 Zygomatico-maxillary complex fracture 8 27
3 Le-Forte I complex facial fractures 1 3
4 Le-Forte II complex facial fractures 2 7
5 Le-Forte III complex facial fractures 2 7
6 Complex orbital fractures 22 73
Table 4 The value of each plane in the accuracy of detection of maxillo-facial fractures.
Axial cuts Coronal cuts Sagittal cuts 3D
 Postero-lateral wall of
maxillary sinus
 Pterygoid plates
 Dento-alveolar segments
 Zygomatic arch and body
 Lateral wall of the orbit
 Inferior orbital rim
 Cribriform plate
 Naso-frontal recess
 Lamina papyracea
 Medial wall of
maxillary sinus
 The roof and ﬂoor of the orbits
 The anterior wall of the
maxillary sinus
 Anterior and posterior walls of
the frontal sinus
 Assessment of nasal fractures &
degree of displacement
More accurate for extension
of the fractures
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planning for surgery and/or other treatment (4,19,9,20).
Conﬂict of interest
All authors have materially participated in the research prepa-
ration and agreed for the submission.References
(1) Bataineh Anwar B. Etiology and incidence of maxillofacial
fractures in the north of Jordan. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 1998;86(1):31–5.
(2) Babatunde O. Akinbami. Synopsis of management of Maxillo-
facial trauma; 2012, p. 72–113, Available at http://www.rose-
bookstore.com. ISBN: 978-1-4349-8819-5.
(3) Brasileiro Bernardo Ferreira, Passeri Luis Augusto. Epidemio-
logical analysis of maxillofacial fractures in Brazil: a 5-year
prospective study. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2006;102(1):28–34.
(4) Cevidanes LH, Bailey LJ, Tucker SF, et al. Three-dimensional
cone-beam computed tomography for assessment of mandibular
changes after orthognathic surgery. Am J Orthod Dentofacial
Orthop 2007;131(1):44–50.
(5) dos Santos Denise Takehana, Costa de Silva Adriana Paula
Andrade, Vannier Michael Walter, Paraiso Cavalcanti Marcelo
Gusma˜o. Validity of multislice computerized tomography for
diagnosis of maxillofacial fractures using an independent work-
station. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2004;98(6):715–20.
(6) Ethunandan M, Shanadan D, Patel M. Iatrogenic mandibular
fractures following remval of impacted third molars: an analysis
of 130 cases. Br Dent J 2012;212(4):179–84.
(7) Hopper RA, Salemy S, Raymond WS. Diagnosis of midface
fractures with CT: what the surgeon needs to know. Radiograph-
ics 2006;26:783–93.(8) Hogg NJ, Stewart TC, Armstrong JE, Girotti MJ. Epidemiology
of maxillofacial injuries at trauma hospitals in Ontario, Canada,
between 1992 and 1997. J Trauma 2000;49(3):425–32.
(9) Huh KH, Yi WJ, Jeon IS, et al. Relationship between
two-dimensional and three-dimensional bone architecture in
predicting the mechanical strength of the pig mandible. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2006;101(3):
363–73.
(10) John H. Harris. Emergency radiology primer. The University of
Texas Health Science Center at Houston; 2006, cited at: <http://
www.uth.tmc.edu/radiology/test/er_primer>.
(11) Kapil Saigal, Ronald S. Winokur, Steven Finden, Daniel Taub,
Edmund Pribitkin. Use of three-dimensional computerized
tomography reconstruction in complex facial trauma. Facial
Plast Surg 2005;21(3).
(12) Kim David W, Egan KK, Tawﬁlis AR, Byrne P, Moe KS.
Facial trauma, maxillary and LeFort fractures, in eMedicine
2006, cited in: <http://emedicine.medscape.com/article/1283568-
overview>.
(13) Hwang Kun, You Sun Hye. Analysis of facial bone fractures: an
11-year study of 2094 patients. Indian J Plast Surg 2010;43(1):
42–8.
(14) Linnau KF, Stanley Jr RB, Hallam DK, Gross JA, Mann FA.
Imaging of high-energy midfacial trauma: what the surgeon needs
to know. Eur J Radiol 2003;48:17–32.
(15) Manolidis S, Weeks BH, Kirby M, Scarlett M, Hollier L.
Classiﬁcation and surgical management of orbital fractures:
experience with 111 orbital reconstructions. J Craniofac Surg
2002;13(6):726–37 [discussion 738].
(16) Mary Pat McKay, Ryanne J. Mayersak, Section editor, John A.
Marx, Deputy editor, Jonathan Grayzel, FAAEM. Facial trauma
in adults, September 2010. Up to date, 18.3.
(17) Mathur NN, Simon FT, Bhupendra P. Orbital fractures. Updated
Feb 16, 2009, cited in <http://www.emedicine.com/ent/
topic166.htm>.
(18) NeumanMI, Bachur RG. Orbital fractures. Up to date. Available
at http://www.uptodate.com.contents/orbital-fracture [accessed
July 5,2013].
104 M.A.K.A. Wahab et al.(19) Neshe E. Gampel, Arlen D. Meyers. Management of dental
trauma. Updated Aug 2011, cited in: <http://emedicine.med-
scape.com/article/1799897-overview>.
(20) Rodt T, Bartling SO, Zajaczek JE, et al. Evaluation of surface
and volume rendering in 3D-CT of facial fractures. Dentomax-
illofac Radiol 2006;35(4):227–31.
(21) Sargent LA. Nasoethmoid orbital fractures: diagnosis and treat-
ment. Plast Reconstr Surg 2007;120(7):16S–31S.(22) Shah AR, Valvassori GE, Roure RM. Le Fort fractures: imaging.
Updated Nov 10, 2008, cited in: <http://emedicine.med-
scape.com/article/391129-imaging#CTSCAN>.
(23) Zafar A, Penne. Orbital fracture, medial wall. Updated Jan 16,
2009, cited in: <http://emedicine.medscape.com/article/1219023-
diagnosis>.
